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@ Method of manufacturing a gradient index lens (16) or 
(36) having a refractive index which can be expressed as a 
function of position. In order that a gradient index lens (16) 
or (36) having extremely low aberrations can be manufac- 
ture easily, a spherical portion (13) or (33) is formed in 
advance on the surface (12) or (32) of a base (11) or (31), and 
a layer (14) or (34) which gives rise to refractive index 
distribution is laid on the surface (12) or (32) of the base (11) 
or (31). The resulting surface layer is processed to have a 
flat surface. This method can be applied in the production of 
a lens which is required to have a high performance, such 
as an objective lens of an optical head for an optical disc 
player. 




ui 



ACTORUM AG 



BNSDOCID: <EP Q241558A1_I__> 



0241558 



SPECIFICATION 
METHOD OF MANUFACTURING GRADIENT INDEX LENS 
Technical Field 

The present invention relates to a method of 
manufacturing a gradient index lens whose refractive 
index is represented as a function of position. 
Background Art 

As conventional gradient index lenses , an 
axial gradient lens whose refractive index n(z) at a 
position z, in a direction of an optical axis is 
represented by: 

n (z) = n Q + az 
and, a radial gradient index lens whose refractive 
index n(r) at a position r ( 2 = x 2 + y 2 ) in the radial 
direction perpendicular to the optical axis is 
represented by: 

n 2 (r) = n Q 2 {l - <gr) 2 + h 4 (gr) 4 + hg(gr) 6 
+ h 8 (gr) 8 +... } 

are known. 

• However, in the axial gradient index lens, 
one refraction surface must be machined to be a 
spherical surface, and the other refraction surface 
must be machined to be a flat surface parallel to an 
equi-refractive index plane or a spherical surface. 

In the radial gradient index lens, in order 
to reduce aberration, at least one refraction surface 
must be machined to be a spherical surface. In this 
case, however, the refraction surface must be machined 
to be a spherical surface so that the center of a 
curvature is located along a symmetrical axis of a 
gradient index. 
Disclosure of Invention 

However, if an error occurs in the above 
machining, a coma is produced. For this reason, if the 
above gradient index lens is applied to a lens such as 
an objective lens of an optical head of an optical disk 
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player, which requires high performance, high-precision 
machining must be performed. 

However, such high-precision machining cannot 
be easily performed, and increases manufacturing cost 
of the lens. 

In order to solve the above problems, a 
method of manufacturing a gradient index lens according 
to the present invention comprises the step of forming 
a spherical surface on a surface of a substrate, the 
step of depositing a plurality of materials having 
different refractive indexes on the spherical surface 
while sequentially changing a mixing ratio thereof, and 
the step of machining the spherical surface subjected 
to deposition to be a flat surface. 

According to the method of manufacturing the 
gradient index lens of the present invention, materials 
stacked on the spherical surface on the surface of the 
substrate exhibit a spherically symmetrical gradient 
index, and the gradient center of the spherically 
symmetrical gradient index can automatically coincide 
with the center of curvature of the spherical surface. 

Therefore, in a gradient index lens 
manufactured by the method of the present invention, 
since the center of curvature of the spherical surface 
can automatically coincide with the gradient center of 
the spherically symmetrical gradient index, even if the 
spherical surface is used as one refraction surface, 
aberration is very small. 

In addition, since the center of curvature of 
the spherical surface can automatically coincide with 
the gradient center of the spherically symmetrical gradient 
index and the other refraction surface can be obtained 
by flat-surface machining, the manufacturing process 
can be facilitated. 
Brief Description of Drawings 

Fig. 1 is an enlarged sectional view showing 
part of a first embodiment of the present invention; 
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Fig. 2 is a plan view showing the first 
embodiment; 

Fig. 3 is a graph showing a gradient index 
along the axis of a gradient index lens manufactured in 
accordance with the first embodiment..; 

Fig. 4 is a side view showing an application 
of a gradient index lens manufactured in accordance 
with the first embodiment; and J, 

Fig. 5 is an enlarged view showing part of a 
second embodiment of the present invention. 
Best Mode of Carrying Out the Invention 

First and second embodiments of the present 
invention and an application of a lens manufactured in 
accordance with the first embodiment will now be 
described with reference to Figs. 1 to 5 . 

Figs. 1 to 3 show the first embodiment. In 
the first embodiment , as shown in Figs. 1 and 2, a 
concave spherical surface 13 having a radius r of 
curvature of 1.654 mm and a depth of 0.302 mm is formed 
in one surface 12 of a parallel-plate substrate 11 
which consists of optical glass having a refractive 
index of 1.506 and dimensions of 100 x 125 x 1 mm by 
hot-roll press at a 5-mm pitch. 

ZnS and ZnSe are deposited on the surface 12 
to have the same thickness as the depth of the concave 
spherical surface 13 by the CVD method. In this case, 
at the beginning of deposition, the content of ZnS is 
set to be 100% and that of ZnSe is set to be 0%, and 
thereafter , the content of ZnS is decreased while that 
of ZnSe is increased. 

The refractive index of ZnS is 2.364, and 
that of ZnSe is 2.6 54. It is known that when mixing 
ratio of the materials having different refractive 
indexes as above is changed, an intermediate refractive 
index between their refractive indexes can be realized. 

Therefore, a thin film 14 having a gradient 
index is formed on the surface 12. The thin film 14 
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can be formed by vacuum deposition or sputtering in 
place of the CVD method, and Si0 2 , S1 3 "n 4 or the like 
can be used as its materials . 

The surface 12 side of the substrate 11 is 
polished to be a flat surface until the surface 12 is 
exposed. Thus, a plano-convex lens portion 15 can be 
obtained in the parallel-plate substrate 11, as 
indicated by an alternate long and short dashed line in 
Fig. 1. 

Assuming that the lowermost base point of the 
concave spherical surface 13 is given as origin O, and 
assuming an orthogonal coordinate system having a 
direction from the origin O to the center C of 
curvature of the concave spherical surface 13 as a z 
direction, if a distance from the center C of curvature 
is given as £, 

p 2 = x 2 + y 2 .+ (z - r) 2 
A refractive index n(p) of the thin film 14 is 
represented as follows, using n^ to n 4 as constants: 

n(p) m n Q + n^r - p) + n 2 (r - p) 2 

+ n 3 (r - p) 3 + n 4 (r - p) 4 

More specifically, the refractive index of 
the lens portion 15 exhibits the spherically 
symmetrical gradient index, and the gradient center of 
the spherically symmetrical gradient index coincides 
with the center C of curvature of the concave spherical 
surface 13. 

At the origin O, since 

x = y = z = 0 

then , 

P " r 

The refractive index n(p) is represented by: 
n(p) = n Q 

Along the optical axis, i.e., the z axis, 

since 

x = y = 0, z = t 
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then , 

p = |t-r|=r-t (r > t) 
r - p = t 

The refractive index n(p) is represented by: 

2 3 A 

n(p) = n Q + n 1 t + n 2 t + n 3 t + n 4 t 

Fig, 3 shows the gradient index on the axis. 
In the first embodiment, since 
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then, as is apparent from Fig. 3, the refractive index 
substantially linearly changes • 

According to the first embodiment , 500 
gradient index lenses 16 can be manufactured at the 
same time. The gradient index lens 16 can satisfy 
specifications of focal length = 1.65 mm, numerical 
aperture = 0.45, and a working distance of 0.75 mm, and 
has a very small aberration, i.e.,. a wavefront 
aberration = 0.016 rmsX on the axis, a wavefront 
aberration = 0.06 7 rmsX at a half field angle of 1°. 
which are lower than an allowance of Marechal (0 . 07 
rms X) . 

Fig. 4 shows an optical head for an optical 
disk player to which the gradient index lens 16 
according to the first embodiment described above is 
applied. 

In an optical head 21, a semiconductor laser 
22, a photosensor 23 for signal detection and servo, 
and a photosensor 2 4 for power monitor of the 
semiconductor laser 22 are integrally formed on a base 
25. 

A beam splitter 26 is mounted on the base 25 
to be in contact with the photosensor 23. A collimator 
lens 27 is mounted on the beam splitter 26. The 
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gradient index lens 16 as an objective lens is mounted 
on the collimator lens 27. The gradient index lens 16 
faces an optical disk 28 and is separated therefrom by 
the above-mentioned working distance. The collimator 
lens 27 can be manufactured by the same method as that 
of the gradient index lens 16, so that the 
specifications of the collimator lens are different 
from those of the gradient index lens 16 as the 
objective lens. 

The optical head 21 is very compact as a 
whole, and can integrally drive the semiconductor laser 
22, the beam splitter 26, and the lenses 27 and 16. 

In this application, one of 500 gradient 
index lenses 16 which are formed on the substrate 11 at 
the same time and then cut into pieces, is used. The 
plurality of gradient index lenses 16 formed on the 
substrate 11 can be used as one- or two-dimensional 
lens array . 

Fig. 5 shows a second embodiment. The second 
embodiment can have substantially the same processes as 
that in the first embodiment, except that a convex 
spherical surface 33 is formed on one surface 32 of a 
substrate 31 and a thin film 34 having a gradient index 
is formed on the surface 32 . 

Therefore, in the first embodiment, the 
parallel-plate gradient index lens 16 having the plano- 
convex lens portion 15 is obtained, while, in the 
second embodiment, a parallel-plate gradient index lens 
36 having the plano-concave lens portion 35 is 
obtained . 

Industrial Applicability 

According to the present invention, a 
gradient index lens having a very small aberration can 
be easily manufactured. Therefore, the present 
invention can be applied to a manufacture of a lens, 
such as an objective lens of an optical head for an 
optical disk player, which requires high precision. 



BNSDOCID: <EP 0241558A1_I_> 



0241558 



CLAIMS 

1. A method of manufacturing a gradient 
index lens comprising: 

the step of forming a spherical surface on a 
surface of a substrate; 

the step of depositing a plurality of 
materials having different refractive indexes on said 
spherical surface while sequentially changing a mixing 
ratio thereof; and 

the step of machining said spherical surface 
subjected to deposition to be a flat surface. 

2. A method of manufacturing a gradient 
index lens according to claim 1, wherein said spherical 
surface is a concave spherical surface. 

3. A method of manufacturing a gradient 
index lens according to claim 1, wherein said spherical 
surface is a convex spherical surface. 

4. A method of manufacturing a gradient 
index lens according to any one of claims 1 to 3 , 
wherein said plurality of materials are ZnS and ZnSe. 

5. A method of manufacturing a gradient 
index lens according to any one of claims 1 to 3, 
wherein said spherical surface is formed by hot-roll 
press. 

6. A method of manufacturing a gradient 
index lens according to any one of claims 1 to 3, 
wherein the step of deposition is performed by the CVD 
method . 

7. A method of manufacturing a gradient 
index lens comprising: 

the step of forming a plurality of spherical 
surfaces on a surface of a substrate; 

the step of depositing a plurality of 
materials having different refractive indexes on said 
spherical surfaces while sequentially changing a mixing 
ratio thereof; 
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the step of machining the spherical surfaces 
subjected to the deposition to be a flat surface; and 

the step of cutting said substrate so as to 
separate said plurality of spherical surfaces from 
each other. 
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